Function of conserved aromatic residues in the Gal/GalNAc-glycosyltransferase motif of UDP-GalNAc:polypeptide N-acetylgalactosaminyltransferase 1.
UDP-GalNAc:polypeptide N-acetylgalactosaminyltransferases (GalNAc transferases), which initiate mucin-type O-glycan biosynthesis, have broad acceptor substrate specificities, and it is still unclear how they recognize peptides with different sequences. To increase our understanding of the catalytic mechanism of GalNAc-T1, one of the most ubiquitous isozymes, we studied the effect of substituting six conserved aromatic residues in the highly conserved Gal/GalNAc-glycosyltransferase motif with leucine on the catalytic properties of the enzyme. Our results indicate that substitutions of Trp302 and Phe325 have little impact on enzyme function and that substitutions of Phe303 and Tyr309 could be made with only limited impact on the interaction(s) with donor and/or acceptor substrates. By contrast, Trp328 and Trp316 are essential residues for enzyme functions, as substitution with leucine, at either site, led to complete inactivation of the enzymes. The roles of these tryptophan residues were further analyzed by evaluating the impact of substitutions with additional amino acids. All evaluated substitutions at Trp328 resulted in enzymes that were completely inactive, suggesting that the invariant Trp328 is essential for enzymatic activity. Trp316 mutant enzymes with nonaromatic replacements were again completely inactive, whereas two mutant enzymes containing a different aromatic amino acid, at position 316, showed low catalytic activity. Somewhat surprisingly, a kinetic analysis revealed that these two amino acid substitutions had a moderate impact on the enzyme's affinity for the donor substrate. By contrast, the drastically reduced affinity of the Trp316 mutant enzymes for the acceptor substrates suggests that Trp316 is important for this interaction.